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CHAPTER 1-7 
AQUATIC AND WET MARCHANTIOPHYTA,  
CLASS JUNGERMANNIOPSIDA, ORDER 




Figure 1.  Jubula hutchinsiae habitat.  Photo by Michael Lüth, with permission. 
Nomenclature for this chapter is based primarily on 
Söderström et al. (2016).  In addition, Lars Söderström 
provided me with correct names for species that I could not 
link to the names on that list.  TROPICOS also permitted 
me to link names by tracking the basionym.  I have ignored 
varieties, forms, and subspecies unless I could verify a 
current name for them.  These unverifiable taxa have been 
included in the species. 
To develop this list, I used my own bibliography, 
collected over the past 56 years, and Google Scholar.  
These papers soon led me to others.  I do not pretend that 
this is complete.  It includes streams, lakes, and a wide 
range of other wetlands.  It deliberately ignores bogs 
(especially Sphagnum) and mostly ignores fens, but 
nevertheless includes some species from these habitats 
because they were found in a wetland study.  Bogs and 
poor fens have been treated in whole books and provide an 
extensive literature; fens seem somewhat less studied.  
They would require considerably more review and time.  
Thus I felt that less-reviewed topics, particularly the 
aquatic habitats with which I am most familiar, should be 
given priority. 
Many of the species in this subchapter are not typical 
wetland or aquatic species.  They were, however, found in 
a wetland or aquatic study.  Their relative frequency can be 
inferred based on the number of references cited. 
 
 
Porellales – Suborder Jubulineae 
Frullaniaceae 
This family occurs predominantly on boulders and tree 
trunks and branches.  However, a few taxa seem at least 
tolerant of more moist habitats and have been included 
here. 
 
Frullania asagrayana (Figure 2) 
(syn. = Frullania tamarisci subsp. asagrayana) 
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Although Frullania asagrayana (Figure 2) has been 
treated as a subspecies of Frullania tamarisci (Figure 3), 
Crandall-Stotler et al. (1987) found that both 
morphological and biochemical differences among these 
subspecies indicated a greater genetic distance than that 
expected for subspecies.  This includes unique flavonoid 
profiles and a considerable level of terpenoid and 
phosphoglucoisomerase dissimilarity.  Heinrichs et al. 
(2010) likewise supported its recognition as a separate 
species based on DNA markers, but found these were not 
as strongly supported by morphological differences.  They 
considered this species complex to be "the most explicit 
example of a complex of semi-cryptic and cryptic liverwort 
species."  Their findings "support frequent short-distance 
migration, rare successful long-distance dispersal events, 
extinction, and recolonization as an explanation for the 




Figure 2.  Frullania asagrayana (reddish) with 
Drepanolejeunea appalachiana (green) growing on it.  Photo by 
Ken McFarland and Paul Davison, with permission. 
 
 
Figure 3.  Frullania tamarisci (Tamarisk Scalewort); 
Frullania asagrayana was originally included as a subspecies of 
this species.  Photo by Barry Stewart, with permission. 
Distribution 
Frullania asagrayana (Figure 2) is distributed broadly 
throughout eastern North America from Canada to the Gulf 
Coast (Ramaiya et al. 2010) and westward to the Ozarks 
(Schuster 1992).  The leaves have ocelli (Figure 4-Figure 





Figure 4.  Frullania asagrayana leaf cells and ocelli (line of 





Figure 5.  Frullania asagrayana ocelli and leaf cells 
showing oil bodies where secondary compounds are stored.  
Photo by Blanka Aguero, with permission. 
Aquatic and Wet Habitats 
Frullania asagrayana (Figure 2) occurs in crevices or 
the surface of drier cliffs in a ravine in Connecticut, USA, 
but Nichols (1916) lists it in his study along rivers and 
streams from these habitats.  Otherwise, it does not seem to 
be truly aquatic or wetland.  More frequently, Frullania 
asagrayana (Figure 2) is epiphytic (Davison 1997). 
 
Reproduction 
Frullania asagrayana is dioicous (Figure 6), so one is 
not likely to see sporophytes often.  It does, however, 
reproduce through regeneration.  This permits leaves and 
leaf fragments to produce new plants.   
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Figure 6.  Frullania asagrayana showing perianths on 
female plant.  Photo by Blanka Shaw, with permission. 
Fulford (1956) described regeneration from a leaf cell 
of Frullania asagrayana (Figure 2, Figure 6).  First a cell 
dedifferentiates.  Then it becomes swollen.  The protonema 
pushes through the swollen area, creating a flap or lid that 
remains at the side of this new protonema and ultimately 
can appear at the base of the rhizoid of the developing 
plant.  Fulford suggests that some cells that have been 
interpreted as gemmae are in fact these swollen 
regeneration cells. 
Interactions 
Cornejo and Scheidegger (2016) considered that 
cyanobacterial interactions with liverworts were important 
in the composition and dynamics in bryophyte and lichen-
dominated epiphytic communities.  They concluded that 
the liverwort Frullania asagrayana (Figure 2, Figure 6) 
serves as a reservoir for Cyanobacteria (Figure 7) that are 
partners for the lichens.  The authors confirmed by DNA 
bar coding that strains of the cyanobacterial lichen partner 
Rhizonema were able to live on the surface of Frullania 
asagrayana.  Some of the strains of Rhizonema were very 
specific about the lichens that served as their partners, 
whereas others appeared to be generalists, a phenomenon 
also noted by Rikkinen (2013). 
 
 
Figure 7.  Nostoc, a cyanobacterial genus that often occurs as 
a symbiont with leafy liverworts such as Frullania asagrayana 
and also as a symbiont in some lichens.  Photo by Ralf Wagner, 
with permission. 
Biochemistry 
Asakawa et al. (1991) reported that the Type-T 
chemotype of Frullania moniliata (formerly F. tamarisci 
subsp. ovata; Figure 8) was similar to that of F. 
asagrayana (Figure 2).  Frullania moniliata produces an 
intense mossy odor, but Frullania asagrayana lacks the 




Figure 8.  Frullania moniliata, a species with chemistry 
similar to that of F. asagrayana, but with a mossy odor.  Photo by 
Jia-dong Yang, through Creative Commons. 
Frullania riparia (Figure 9-Figure 10) 
Frullania riparia (Figure 9-Figure 10) is a rare species 
that occurs on both sides of the Atlantic in mostly middle 
latitudes (Schuster 1992).  It is not part of the Frullania 
tamarisci (Figure 11, Figure 13-Figure 16) complex, but it 
has had its share of synonyms.  Here, as elsewhere, I have 
only included those synonyms that occurred in the aquatic 




Figure 9.  Frullania riparia exhibiting a hydrated shade 
form.  Photo by Paul Davison, with permission. 
Distribution and Habitats 
Frullania riparia (Figure 9-Figure 10) occurs along 
calcareous rivers in Connecticut, USA (Nichols 1916).  By 
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contrast, Schuster (1992) declares it "a pronounced 
xerophyte," colonizing vertical faces of shaded, dry rocks.  
He likewise considers it to be a calciphile, but not 
absolutely restricted to calcareous surfaces.  On rare 
occasions it can be found on bark.  Nevertheless, "riparian" 
means relating to or situated on the banks of a river, 




Figure 10.  Frullania riparia on rock, exhibiting its 
xerophytic tendencies and the brown color expresses in sun 
exposure.  Photo by Jan-Peter Frahm, with permission. 
Frullania tamarisci (Figure 11-Figure 16) 
Frullania tamarisci (Figure 11-Figure 16) now has a 
narrower concept than an earlier one.  Heinrichs et al. 
(2010) reviewed the subspecies that had been described.  It 
was once considered a polymorphic species with four 
allopatric subspecies [subsp. asagrayana (Figure 2), 
moniliata (Figure 6), nisquallensis (Figure 12), 
and tamarisci (Figure 11)].  Heinrichs et al.  used 
sequences of the nuclear internal transcribed spacer region 
and the plastid trnL-trnF and atpB-rbcL regions to reveal at 
least eight main lineages within the Frullania tamarisci 
complex that can be considered as cryptic and semicryptic 
species, lacking morphological distinctions. 
 
 
Figure 11.  Frullania tamarisci.  Photo from Proyecto 
Musgo, through Creative Commons. 
 
Figure 12.  Frullania nisquallensis, a member of the 
Frullania tamarisci complex.  Photo by Dale Vitt, with 
permission. 
Distribution 
Schuster (1992) considered Frullania tamarisci 
(Figure 11-Figure 13) to be circumboreal and mostly 
suboceanic to oceanic, but its more recent separation into 
multiple species warrants a re-evaluation of its distribution. 
Aquatic and Wet Habitats 
West (1910) reported Frullania tamarisci (Figure 11-
Figure 16) from damp rocks by lake shores in Scotland.  
Watson (1919) reported it as occasionally submerged 
(Watson 1919).  Schuster (1992) considered it to be a 
species of tree bark, rock walls (Figure 14-Figure 16), and 
ledges.  In Macaronesia, it is epiphyllous (growing on 
leaves) (von Konrat & Braggins 1999).  My own 
experience suggests that it occurs in humid sites, such as 
stream canyons (Figure 17), but not in the water.  It is able 
to grow in exposed sites and can form margins along 




Figure 13.  Frullania tamarisci forming a smooth mat.  
Photo by Hermann Schachner, through Creative Commons. 
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Figure 14.  Frullania tamarisci on a canyon wall at Cwm 
Idwal National Nature Reserve, Wales.  Photo by Janice Glime. 
 
 
Figure 15.  Frullania tamarisci on cliff at Cwm Idwal 
National Nature Reserve, Wales.  Photo by Janice Glime. 
 
 
Figure 16.  Frullania tamarisci on a cliff.  Photo by Michael 
Lüth, with permission. 
 
Figure 17.  Path between canyon walls with Frullania 
tamarisci in black patches on rock wall at left, Cwm Idwal 
National Nature Reserve, Wales.  Photo by Janice Glime. 
 
 
Figure 18.  Frullania tamarisci showing zonation where it 
has the advantage of sun while benefitting from the moisture held 
by the adjoining grasses.  Photo by Michael Lüth, with 
permission. 
Adaptations 
Like F. asagrayana (Figure 2), F. tamarisci (Figure 
11) has lobules (Figure 19-Figure 20) that can retain water, 
permitting it to live in places that get dry.  Nevertheless, it 
also lives in moist habitats near streams and in canyons, 
exhibiting a wide range of habitats.  Its dark color protects 
it from the bright sunlight in exposed  habitats. 
 
 
Figure 19.  Frullania tamarisci ventral side showing lobules.  
Photo by Snappy Goat, through public domain. 
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Figure 20.  Frullania tamarisci showing lobules (that can 
hold water), ocelli, and underleaves.  Photo from Snappy Goat, 
through public domain. 
Reproduction 
Frullania tamarisci is dioicous (Figure 21).  
Blackstock (2015) found that corticolous populations of 
Frullania tamarisci exhibited a very high sporophyte 
frequency when the colonies had both sexes.  These 
colonies were highly fertile with male and female shoots 
(Figure 21), but fertilization nevertheless reduced the 
number of gynoecia.  Exposed coastal populations, on the 
other hand, were sub-fertile with rare presentations of 
sporophytes.  Furthermore, the coastal populations had a 
distinct female bias, with male scarcity limiting the 
production of sporophytes.  Bisang (1987) defined the 
subspecies Frullania tamarisci ssp. tamarisci.  She 
described a globose, many-celled protonema that forms 
within the stretched spore. 
 
 
Figure 21.  Frullania tamarisci with perianths.  Photo by 
Hermann Schachner, through Creative Commons. 
Biochemistry 
Connolly et al. (1984) reported tamariscol from 
Frullania tamarisci (Figure 21), a new sesquiterpenoid 
alcohol isolated from this population in Scotland.  Asakawa 
et al. (1991) found evidence that Frullania tamarisci s.l. 
(Figure 21) has a Type T chemotype similar to that of F. 
asagrayana (Figure 2).  Paul et al. (2001) identified 
tamariscene with a new sesquiterpene skeleton, in 
Frullania fragilifolia (s.l.?; Figure 22).  Other research has 
been on subspecies that are now considered separate 
species, such as the finding of a new sesquiterpenoid in 
Frullania moniliata (formerly F. tamarisci subsp. ovata; 
Figure 8) (Toyota & Asakawa 1990). 
 
 
Figure 22.  Frullania fragilifolia, a species that also has 
tamariscene.  Photo by David T. Holyoak, with permission. 
Frullania teneriffae (Figure 23, Figure 27-Figure 
30) 
Distribution 
Frullania teneriffae (Figure 23, Figure 27-Figure 30) 
is distributed in Africa, Europe, and Asia (ITIS 2020).  Its 
common name in the UK of sea scalewort suggests, along 




Figure 23.  Frullania teneriffae growing on rock.  Photo by 
Stan Phillips, through public domain. 
Aquatic and Wet Habitats 
Frullania teneriffae (Figure 23, Figure 27-Figure 30) 
is recorded from mountainous streams on Madeira Island 
(Figure 24-Figure 25) (Luis et al. 2015).  In Macaronesia it 
is also facultatively epiphyllous (von Konrat & Braggins 
1999), a habitat it might invade from one of its epiphytic 
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locations (Figure 28).  But on the islands of Canna and 
Sanday off the coast of Scotland, it occurs frequently on 
rocks near the sea (Figure 26) and on dry, rather exposed 




Figure 24.  Madeira Island at Ponta de São Lourenço (north 
side).  Photo through Creative Commons. 
 
 
Figure 25.  Madeira Island 25 Fontes-waterfall during dry 




Figure 26.  Shoreline where one can find Frullania 
teneriffae.  Photo by Michael Lüth, with permission. 
 
Figure 27.  Frullania teneriffae growing on exposed rock.  
Photo by Hugues Tinguy, with permission. 
 
Figure 28.  Frullania teneriffae dry on a branch.  Photo by 
Jan-Peter Frahm, with permission. 
Frullania teneriffae has small lobules (Figure 29-
Figure 30) and is typically dark in color.  The dark 




Figure 29.  Frullania teneriffae leaf with lobule.  Photo by 
Hugues Tinguy, with permission. 
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Figure 30.  Frullania teneriffae leaf lobule.  Photo by 
Hugues Tinguy, with permission. 
Role 
The ability of the lobules to hold water when the rest 
of the plant is drying is demonstrated by the presence of the 
aquatic invertebrates that can live there.  Among these are 
the rotifers (Figure 31).  The rotifers are able to go dormant 





Figure 31.  Frullania with rotifer "galls" in the lobules, 
showing the dormant egg stage of the rotifers.    Photo courtesy of 
Puterbaugh, Skinner, and Miller. 
 
Figure 32.  Frullania with rotifer.  Photo courtesy of Andi 
Cairns. 
Biochemistry 
Biochemical studies on Frullania teneriffae (Figure 
23, Figure 27-Figure 30) are lacking.  Wang and Qiu 
(2006) found no references reporting mycorrhizal fungi on 
Frullania teneriffae. 
Jubulaceae 
  Schuster (1992) considered all members of Jubula 
(Figure 33-Figure 37, Figure 38, Figure 43, Figure 45-
Figure 47) to be restricted to humid or damp sites, 
frequently occurring near flowing water.  In North America 
it is almost entirely saxicolous (growing on rock), although 
it can be epiphyllous on ferns in the tropics or corticolous 
in humid rainforests. 
 
Jubula hutchinsiae (Figure 1, Figure 33-Figure 38, 
Figure 43, Figure 45-Figure 47) 
Like so many of the species of moist and wet habitats, 
Jubula hutchinsiae (Figure 33) is highly polymorphic 
(Sim-Sim et al. 2002).  Pätsch et al. (2001) used nuclear 
and chloroplast DNA sequences to distinguish five 
subspecies:  J. hutchinsiae subsp. bogotensis, subsp. 
hutchinsiae (Figure 33), subsp. japonica (Figure 34-





Figure 33.  Jubula hutchinsiae.  Photo by David T. 
Holyoak, with permission. 
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Figure 34.  Jubula hutchinsiae ssp. japonica.  Photo by Jia-
dong Yang, though Creative Commons. 
 
 
Figure 35.  Jubula hutchinsiae ssp. japonica leaves and  
lobules.  Photo by Jia-dong Yang, though Creative Commons. 
Distribution 
Jubula hutchinsiae (s.l. Figure 33-Figure 35) is 
known from Japan, Taiwan, and India in Asia, the Pacific 
Islands, Europe, and Macaronesia (Guerke 1978; 
Majumdar & Singh 2016).  It is likely that all reports from 
Japan and Taiwan are the subspecies japonica (Figure 34-
Figure 35).  Pócs and Cairns (2008) added Australia to its 
distribution, but identified it as subspecies australiae.  
Kürschner (2013) added subspecies caucasica to the flora 
of Turkey and Iran.  Sukkharak (2017) added the 
subspecies javanica to the known flora of Thailand. 
Aquatic and Wet Habitats 
Jubula hutchinsiae (Figure 33) occurs on rocks in fast 
water (Figure 1), on rocks or in caves associated with fast 
water (Figure 36, Figure 37), and waterfalls (Watson 1919).  
Sim-Sim et al. (2002) likewise report it from waterfalls in 
the Canary Islands (Figure 38).  In Thuringia, Germany, 
Jubula hutchinsiae is associated with streams that have the 
Platyhypnidium (Figure 39)-Fontinalis antipyretica 
(Figure 40) association (Marstaller 1987).  It is known in 
the UK from a ravine (Wallace 1952). 
 
Figure 36.  Jubula hutchinsiae forming mats on boulders in 




Figure 37.  Jubula hutchinsiae showing wet habitat at 
margin of fast stream.  Photo by Michael Lüth, with permission. 
 
 
Figure 38.  Jubula hutchinsiae on Tenerife, Canary Islands, 
in the Macaronesian Islands.  Photo by Jonathan Sleath, with 
permission. 
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Figure 39.  Platyhypnidium riparioides in Europe, a species 
that occurs in the same streams as Jubula hutchinsiae.  Photo by 
Michael Lüth, with permission. 
 
 
Figure 40.  Fontinalis antipyretica, a species that occurs in 
the same streams as Jubula hutchinsiae.  Photo by Tab Tannery, 
through Creative Commons. 
The Australian subspecies australiae occurs in the 
tropical rainforest and the Wet Tropics (Pócs & Cairns 
2008).  In Macaronesia, Sim-Sim et al. (2002) found 
Jubula hutchinsiae (Figure 33) frequently in the native 
forests (Figure 38), as well as Atlantic Europe.  In 
Thailand, it (subspecies javanica?) occurred on the filmy 
fern Vandenboschia maxima (=Crepidomanes maximum; 
Figure 41-Figure 42) at the edge of a stream (Sukkharak 
2017).  On Achill Island off the west coast of Ireland, 
Jubula hutchinsiae occurs on wet rocks under an overhang 
by a stream (Warburg 1963).  Proctor (1999) found it in 
Devon, UK, on dripping rocks in a shady stream gully.  
Averis et al. (2012) found it in Scotland on wet rocks 
beside a fast-water stream. 
 
Figure 41.  Vandenboschia maxima, a fern where one can 
sometimes find Jubula hutchinsiae as an epiphyll in Thailand.  
CalPhotos, through Creative Commons. 
 
 
Figure 42.  Vandenboschia maxima leaf segments close-up 
– substrate where one can sometimes find Jubula hutchinsiae in 
Thailand.  Photo from CalPhotos, through Creative Commons. 
This species can also survive in humid habitats that are 
not subject to inundation (Figure 43).  Gabriel et al. (2008) 
found that it occurs in cave (lava tube and volcanic pit) 
entrances (Figure 44) in the Azores, occupying particularly 
humid sites, where it is a frequent species. 
In a main ravine in the UK, Callaghan et al. (2019) 
found large clumps of Jubula hutchinsiae (Figure 33); it 
often grew through, and upon, larger competitive species.  
It was among the three most frequent species in the study, 
but was also the most unevenly distributed.  Following the 
development of hydroelectric power, it was one of two 
liverworts showing an increase, whereas the other three 
species declined.  It appears to be a very stable species, 
occupying a position low down on the river bank where it 
experiences relatively frequent hydrological disturbance. 
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Figure 43.  Jubula hutchinsiae forming shelves on vertical 
rock.  Photo by Stan Phillips, through public domain. 
 
 
Figure 44.  Volcanic cave, Algar do Carvão, on Terceira 
Island, Portugal, the type of location where one might find Jubula 
hutchinsiae.  Photo by Vitor Oliveira, through Creative 
Commons. 
 
Richards (1947) noted his surprise at finding no 
damage to Jubula hutchinsiae (Figure 33) after several 
days of being frozen solid, even though it seemed to be 
restricted to sheltered habitats. 
Reproduction 
Jubula hutchinsiae (Figure 33) is autoicous.  It forms 
discoid gemmae from the lobe surfaces (Schuster 1992), a 
character also found in some species of Lejeuneaceae 
(Pócs 2012). 
Biochemistry 
Suire (2000) compared development of oil bodies 
(Figure 45-Figure 46) among liverworts.  He found that 
Jubula hutchinsiae oil bodies (Figure 45) originate from 
the dilation of ER cisternae.  Their membrane is thickened 
by an osmiophilic material.  Each leaf cell contains several 
oil-bodies. 
Biochemical studies seem to be lacking on this species.  
Wang and Qiu (2006) found no publications of mycorrhizal 
fungi on Jubula hutchinsiae. 
 
Figure 45.  Jubula hutchinsiae leaf tip showing oil bodies.  
Photo by Des Callaghan, with permission. 
 
Figure 46.  Jubula hutchinsiae ssp. japonica leaf cells and 
oil bodies.  Photo by Jia-dong Yang, though Creative Commons. 
Jubula hutchinsiae subsp. pennsylvanica (Figure 
47) 
(syn. = Jubula pennsylvanica) 
Distribution 
Clark and Frye (1945) reported the distribution of 
Jubula hutchinsiae subsp. pennsylvanica (Figure 47) 
from Nova Scotia to Ohio, south to Oklahoma, Alabama, 
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and Georgia in North America, Bermuda, Azores, and 
Madeira (the latter two probably a different subspecies).  
Later, Schuster (1992) considered it to be an Appalachian 
(eastern North America) endemic (Schuster 1992).  It 
ranges from Nova Scotia, south to Georgia, but also occurs 




Figure 47.  Jubula hutchinsiae subsp. pennsylvanica, a 
subspecies probably restricted to eastern North America, south to 
Bermuda.  Photo by Wayne Lampa, through Creative Commons. 
Aquatic and Wet Habitats 
Jubula hutchinsiae subsp. pennsylvanica (Figure 47) 
has been found on moist rock surfaces or springy banks of 
ravines in Connecticut, USA (Nichols 1916);  in streams in 
the Great Smoky Mountains National Park, Kentucky, USA 
(Knapp & Lowe 2009).  It can be a rare species along rocky 
streams in the southern part of its range.  In central New 
York, USA, Jubula hutchinsiae subsp. pennsylvanica 
lives in both large and small ravines on shady, permanently 
wet rock faces (Trigoboff 2013).  Clark and Frye (1945) 
summarize the habitat for the eastern USA as occurring on 
rocks or soil in damp or wet situations or in deep shade. 
Stephenson et al. (1995) found that Jubula 
hutchinsiae subsp. pennsylvanica (Figure 47) preferred a 
pH range of 5.95-6.6 in West Virginia, USA, mountain 
streams. 
Reproduction 
Jubula hutchinsiae subsp. pennsylvanica (Figure 47) 
is monoicous (having both sexes on the same plant) (Clark 
& Frye 1945) and often fertile, typically from April to early 
July (Schuster 1992).  The capsule appears on a long stalk. 
Jubula hutchinsiae var. integrifolia 
 
Jubula hutchinsiae var. integrifolia, the most frequent 
liverwort in the Madeira Archipelago, has questionable 
taxonomic status (Lars Söderström, pers. comm. 9 October 
2020).  Söderström suggests that it is probably a synonym 
of var. javanica or subsp. japonica (Figure 34-Figure 35), 
but some plants definitely do not belong to either.  
Accordingly, the record from Madeira is best referred to 
subsp. hutchinsiae. 
Distribution 
Jubula hutchinsiae var. integrifolia occurs in 
mountainous streams in Madeira Island (Luis et al. 2015) 
and has been reported from the Canary Islands (Sim-Sim et 
al. 2002). 
 
Aquatic and Wet Habitats 
Sim-Sim et al. (2002) distinguished var. integrifolia as 
occurring completely submerged in waterfalls, whereas the 
typical variety occurs on humid slopes covered with soil 
along rivulets, not in waterfalls.  These habitat differences 
may account for the morphological differences that led to 
the separation of the varieties.  Perhaps they should be 
considered forms, but we need common garden 




The Lejeuneaceae is represented by several species in 





Faria et al. (2012) report the distribution of 
Acanthocoleus aberrans as Neotropical and African.  
Schäfer-Verwimp (1999) considered it to be "rather rare" in 
the Neotropical region, noting only a few collections from 
Mexico, Costa Rica, Guatemala, Jamaica, French Guiana, 
and only once from Dominica.  It occurs on the 
Guadaloupe archipelago in the French West Indies 
(Bernarda & Schäfer-Verwimp 2011). 
 
Aquatic and Wet Habitats 
Acanthocoleus aberrans occurs in mountainous 
streams on Madeira Island (Luis et al. 2015).  But other 
than this report, it appears that this species is terrestrial and 
seldom occurs in wet areas. 
 
Reproduction 
There seems to be little information on reproduction of 
Acanthocoleus aberrans.  We know it is dioicous (dos 





Bromeliophila  (Figure 52) 
This is a unique genus with only two species 
[Bromeliophila natans (Figure 52) and B. helenae], both 
of which are restricted to the tanks made by leaves of 
Bromeliaceae, but may occur on many different bromeliad 
host species (Gradstein 1997).  Heinrichs et al. (2014) used 
a three-marker dataset – chloroplast genome rbcL gene and 
trnL-F region, and nuclear ribosomal ITS1-5.8S-ITS-2 
region – to determine relationships of this genus to 
Prionolejeunea (Figure 48) and Cyclolejeunea (Figure 49). 
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Figure 48.  Prionolejeunea saccatiloba with perianth and 
male branch, in a genus that may be related to Bromeliophila.  
Photo by Michaela Sonnleitner. 
 
Figure 49.  Cyclolejeunea peruviana, in a genus that may be 
related to Bromeliophila.  Photo by Michaela Sonnleitner, with 
permission. 
Because the Bromeliaceae hosts are restricted to the 
tropics and subtropics, Bromeliophila (Figure 52) is 
likewise (Gradstein et al. 2001).  Its habitat is one in which 
the lower parts of the leafy gametophyte shoots are "often" 
submerged; only the upper parts extend above the water 




Bromeliophila helenae is reported from Colombia 
(Gradstein 1997; Benavides & Callejas 2004; Campos & 
Uribe-M. 2006).  Bromeliophila helenae also occurs in the 
Guayana Highland (Gradstein et al. 2001) and on 
Martinique in the Lesser Antilles (Bernard 2018). 
Aquatic and Wet Habitats 
The habitat for this species is in the water at the base 
of bromeliad leaves, including those of Brocchinia tatei 




Figure 50.  Brocchinia tatei, home for Bromeliophila 
helenae in South America.  Photo by Adalberto Jose Perez Lopez, 
through Creative Commons. 
 
 
Figure 51.  Brocchinia tatei showing the basin of water 
where Bromeliophila helenae lives.  Photo by Imerú Alfonzo-
Hernandez, through Creative Commons. 
Bromeliophila natans (Figure 52) 
Distribution 
Bromeliophila natans (Figure 52), like Bromeliophila 
helenae, occurs in bromeliad basins in South America 
(Gradstein 1997), particularly Neotropical countries 
(Heinrichs et al. 2014).  Because it occurs only in these 
water-filled basins, Imbassahy et al. (2009) consider it to 
be "exclusively" aquatic. 
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Figure 52.  Bromeliophila natans with perianth, a species 
that lives in the water of bromeliad basins.  Drawing from 
Heinrichs et al. 2014 through Rob Gradstein. 
Visnadi (2010) considered Bromeliophila helenae to 
be restricted to the restingas of Brazil.  This points to its 
dependence on water of the bromeliad basin.  Restingas 
are a distinct type of coastal tropical and subtropical moist 
broadleaf forest in eastern Brazil.  Restingas form on spits 
of sandy, acidic, nutrient-poor soil with trees and shrubs 
that are adapted to drier conditions with low nutrients. 
Cephalantholejeunea temnanthoides 
Distribution 
Cephalantholejeunea temnanthoides is the only 
species in its genus (Shi et al. 2015), and it is a rare 
Amazonian rheophyte (aquatic plant that lives in fast-
moving water currents in environment where few other 
organisms can survive) (da Costa 2003; Shi et al. 2015). 
Aquatic and Wet Habitats 
Cephalantholejeunea temnanthoides occurs on stems 
that are flooded by the Rio Negro (Reiner-Drehwald 2011).  
S. Robbert Gradstein (pers. comm. 3 November 2011) told 
me that he has found it in Andean streambeds.  Daly et al. 
(2006) noted that it is characteristic of salões (lowland 
moist tropical environments in which virtually all plant 
diversity is accounted for by herbs).  This unique habitat 
occurs along canalized portions of the Purus and Juruá river 
basins.  As such, the available substrate is exposed parent 
materials with only a thin (<1 m) layer of soil.  These 
salões are wetlands that remain constantly moist due to 
seepage.  Cephalantholejeunea temnanthoides associates 
with Plagiochila martiana and Dumortiera hirsuta (Figure 
53) in these habitats. 
Reproduction 
Cephalantholejeunea temnanthoides is monoicous 
(Schuster 1990; Reiner-Drehwald & Weis 2001).  Thus its 
sexual condition does not explain its rarity.  Reiner-
Drehwald and Weis (2001) described sporophytes for the 
first time. 
 
Figure 53.  Dumortiera hirsuta, an associate of 
Cephalantholejeunea temnanthoides in wetland areas.  Photo by 
Michael Lüth, with permission. 
Ceratolejeunea temnantha (Figure 56-Figure 55) 
(syn. = Lejeunea temnantha) 
Distribution 
Ceratolejeunea temnantha (Figure 56-Figure 55) is 
another Amazonian endemic rheophyte (Sierra et al. 2018).  
Sierra and coworkers suggested that the evolution of 
rheophytes, including this species, in northern South 
America correlates with the expansion into novel 
ecological niches and dramatic landscape changes in the 
Miocene. 
 
Aquatic and Wet Habitats 
Ceratolejeunea temnantha (Figure 56-Figure 55) is a 
rheophyte of seasonally inundated black-water forests 
(Sierra et al. 2018).  It was reported from a tree root 
(Figure 54) that is inundated at high water and likewise tree 




Figure 54.  Ceratolejeunea temnantha on woody roots in an 
inundated area.  Photo by Juan Carlos Villarreal, with permission. 
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Figure 55.  Ceratolejeunea temnantha on inundated tree 
trunk.  Photo by Juan Carlos Villarreal, with permission. 
Reproduction 
Ceratolejeunea temnantha is monoicous (Figure 56).  




Figure 56.  Ceratolejeunea temnantha with antheridial 
branches (hanging down) and perianth (upper left).  Photo by Juan 
Carlos Villarreal, with permission. 
Biochemistry 
The oil bodies of this species are relatively large, with 
multiple bodies per cell (Figure 57).  Descriptions of their 
chemical constituents remain unknown, partly due to the 
rarity of the species. 
 
 
Figure 57.  Ceratolejeunea temnantha leaf cells with oil 
bodies.  Photo by Juan Carlos Villarreal, with permission. 
Cheilolejeunea clypeata (Figure 58-Figure 60, 
Figure 69) 
(syn.= Leucolejeunea clypeata) 
Distribution 
Ye and Zhu (2010) investigated synonyms in the genus 
Leucolejeunea, contributing to the recognition of 
Leucolejeunea clypeata as a species of Cheilolejeunea, 
Cheilolejeunea clypeata (Figure 58-Figure 60, Figure 69).  
Cheilolejeunea clypeata is endemic to eastern North 
America (New York to Florida), from sea level to 2000 m 
asl  (Schuster 1980). 
 
 
Figure 58.  Cheilolejeunea clypeata, an eastern North 
American endemic.  Photo by Blanka Aguero, with permission. 
 
Figure 59.  Cheilolejeunea clypeata showing relatively small 
lobules.  Photo by Blanka Aguero, with permission. 
 
Figure 60.  Cheilolejeunea clypeata showing underleaves.  
Photo by Blanka Aguero, with permission. 
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Aquatic and Wet Habitats 
Nichols (1916) reported this from crevices or surfaces 
of drier cliffs in a ravine in Connecticut, USA.  Schuster 
(1980) describes Cheilolejeunea clypeata (Figure 58-
Figure 60, Figure 69) as having a highly diversified 
ecology.  Its substrata are bark, rock walls, and boulders.  It 
is on both calcareous and noncalcareous rocks, typically 
shaded, often moist, but sometimes dry.  Its best habitats 
seem to be rich mesophytic forests and swamp forests, 
where it lives on bark of a variety of tree species.  Its status 
as a wetland species is somewhat marginal. 
Lendemer et al. (2016) discovered the lichen Catinaria 
brodoana (Figure 61) to occur most frequently on 
Cheilolejeunea clypeata (Figure 58-Figure 60, Figure 69) 
in swamp forests with Chamaecyparis (Figure 62), 
Taxodium (Figure 63), and mixed hardwoods [Acer 
(Figure 64), Magnolia virginiana (Figure 65), Persea 
(Figure 66)] with an understory of Lyonia (Figure 67)-Ilex 
glabra (Figure 68).  The lichen has a much narrower 
distribution than its liverwort substrate. 
 
 
Figure 61.  Catinaria atropurpurea; the lichen Catinaria 
brodoana occurs most frequently on the liverwort Cheilolejeunea 
clypeata.  Photo by Tomás Curtis, through Creative Commons. 
 
Figure 62.  Chamaecyparis thyoides near edge of bog in 
Brendan T. Byrne State Forest, New Jersey, USA.  Photo by 
Famarton, through Creative Commons. 
 
Figure 63.  Taxodium distichum (bald cypress) swamp, 





Figure 64.  Acer rubrum in forest, a common species in 
swamps where Cheilolejeunea clypeata lives.  Photo by Digby 




Figure 65.  Magnolia virginiana, a common species in 
swamps where one can find Cheilolejeunea clypeata.  Photo 
courtesy Great Plant Picks, with online permission. 
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Figure 66.  Persea americana with fruit, a common species 
in swamps where one can find Cheilolejeunea clypeata.  Photo by 
M. Clara Salviano, through Creative Commons. 
 
 
Figure 67.  Lyonia lucida with fruit; Lyonia is a common 
understory genus in swamps where Cheilolejeunea clypeata lives.  
Photo by Homer Edward Price, through Creative Commons. 
 
 
Figure 68.  Ilex glabra with flowers, a common understory 
species in swamps where Cheilolejeunea clypeata lives.  Photo 
by Siddarth Machado, through Creative Commons. 
Reproduction 
The species is autoicous (Schuster 1980).  This 
suggests that its narrow distribution is limited either by 
dispersal or narrow habitat requirements that do not occur 
frequently enough to provide stepping stones to any distant 
locations. 
Biochemistry 
Zhu and Gradstein (2003) described a single oil body 
per cell (Figure 69).  There seem to be no biochemical 
studies to indicate what antibiotic/antiherbivore compounds 
might be secluded there. 
 
 
Figure 69.  Cheilolejeunea clypeata leaf cells showing oil 
bodies.  Photo by Blanka Aguero, with permission. 
Cololejeunea biddlecomiae (Figure 70, Figure 74, 
Figure 78, Figure 81-Figure 85) 
Distribution 
Evans (1938) considered Cololejeunea biddlecomiae 
(Figure 70, Figure 74, Figure 78, Figure 81-Figure 85) to 
be the most widely distributed species of Cololejeunea.  It 
occurs from Nova Scotia, New Brunswick, and Ontario in 
Canada, south to Georgia and Oklahoma in the USA.  
Schuster (1956) described this as a species of temperate 
and sub-boreal North America, occurring in the southern 
half of the spruce-fir forest, throughout deciduous forests, 
and into the broad-leaved evergreen forests of the 
southeastern coastal plain. 
 
 
Figure 70.  Cololejeunea biddlecomiae with lobules.  Photo 
by Ken McFarland and Paul Davison, with permission. 
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Aquatic and Wet Habitats 
Nichols (1916) reported Cololejeunea biddlecomiae 
(Figure 70, Figure 74, Figure 78, Figure 81-Figure 85) 
growing along calcareous rivers in Connecticut, USA.   
Wittlake (1950) reported that it occurs under and around 
springs along with Riccardia multifida (Figure 71), 
Aneura pinguis (Figure 72), Calypogeia sullivantii (Figure 
73) in Spy Rock Hollow, Arkansas, USA.  It occurs in 
Adirondack Mountain streams (Slack & Glime 1985).  In 
central New York, it occurs in fine, yellow-green mats in 
ravines (Schuster 1956).  In southern Illinois, Skorepa 
(1968) found it on sandstone in a creek bed. 
 
 
Figure 71.  Riccardia multifida, a species associated with 
Cololejeunea biddlecomiae at springs.  Photo by Paul G. 
Davison, with permission. 
 
Figure 72.  Aneura pinguis, a species associated with 
Cololejeunea biddlecomiae at springs.  Photo by Hermann 
Schachner, through Creative Commons. 
 
Figure 73.  Calypogeia sullivantii, a species associated with 
Cololejeunea biddlecomiae at springs.  Photo by Paul Davison, 
with permission. 
This species is not restricted to stream and riverine 
habitats.  Schuster (1956) described a wide variation in its 
habitats.  In his words, it is "almost indiscriminately 
corticolous (Figure 74) and saxicolous, occurring in 
shaded, relatively damp sites, especially moderately dry 
calcareous sandstone rocks."   In New Jersey, USA, 
Barringer (2011) treated it as a tree bark species that rarely 
occurs on rocks in shaded ravines.  Ammons (1933) found 
it in McKinney's Cave, West Virginia (Figure 75). 
 
 
Figure 74.  Cololejeunea biddlecomiae in its habitat on bark 
and wood.  Photo by Ken McFarland and Paul Davison, with 
permission. 
 
Figure 75.  McKinney's cave, West Virginia, USA, entrance, 
where Ammons (1933) found Cololejeunea biddlecomiae.  Photo 
from Ammons 1933. 
Interestingly, Cololejeunea biddlecomiae (Figure 70, 
Figure 74, Figure 78, Figure 81-Figure 85) is less 
calciphilic in the southernmost part of its range (Schuster 
1956).  Trigoboff (2013), reporting from central New York, 
considered Cololejeunea biddlecomiae (Figure 70, Figure 
74, Figure 78, Figure 81-Figure 85) in his report of aquatic 
bryophytes, but mostly described it from shade and high 
humidity with a high frequency on trees.  Brown (1948), 
also in New York, reported the species as occurring among 
other liverworts on the lower trunk and stumps in gorges 
and Thuja swamps (Figure 76) on both hardwoods and 
Thuja occidentalis (Figure 77), but not in the mountains.  
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Darlington (1938) found it in a slightly more humid 
environment on a rotten log (Figure 78) along the Crystal 
River in Leelanau County, Michigan, USA.  Schuster and 
Patterson (1957) found it growing in Dismal Swamp, 
Virginia, USA, on tree trunks, along with Radula obconica 
(Figure 79) and R. australis (Figure 80). 
 
 
Figure 76.  Thuja occidentalis along stream – home for 
many bryophytes, including Cololejeunea biddlecomiae.  Photo 
by Peter M. Dziuk, with online permission. 
 
Figure 77.  Thuja occidentalis saplings, a species that can 
provide a substrate for Cololejeunea biddlecomiae.  Photo from 
Superior National Forest, through Creative Commons. 
 
Figure 78.  Cololejeunea biddlecomiae on log.  Photo by 
Paul Davison, with permission. 
 
Figure 79.  Radula obconica with perianths, a species that 
accompanies Cololejeunea biddlecomiae on tree trunks in Dismal 
Swamp, Virginia, USA.  Photo by Paul G. Davison, with 
permission. 
 
Figure 80.  Radula australis, a species that accompanies 
Cololejeunea biddlecomiae on tree trunks in Dismal Swamp, 
Virginia, USA.  Photo by Paul G. Davison, with permission. 
Adaptations 
Cololejeunea biddlecomiae (Figure 70) produces styli 
(Figure 81-Figure 82) that might help in moving water 
along the stem by providing capillary spaces. 
Reproduction 
Cololejeunea biddlecomiae (Figure 70, Figure 74, 
Figure 78, Figure 81-Figure 83) produces gemmae (Figure 
84-Figure 85), mostly on the lower surface of the leaf 
lobes, but never on the lobules (Stevens 1910).  But these 
are not numerous, typically with only a few and not more 
than five or six on an individual leaf.  Even the numbers of 
gemmae-bearing branches in a population is only a 
relatively small proportion.  Plants with large numbers of 
gemmae are typically closely associated with plants having 
none.  As we might expect, plants with sexual organs have 
fewer gemmae, but gemma production is not completely 
inhibited in these plants.  The gemmae sometimes occur on 
the bracts associated with the sexual organs, but they never 
seem to occur on perianths.  These gemmae continue to 
increase in size after cell division ceases, resulting from 
cell growth (Figure 85).  This increase continues until the 
time the gemmae are shed.  The gemmae are shed by 
splitting of the cell wall between the stalk cell and gemma. 
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Figure 81.  Cololejeunea biddlecomiae with styli.  Photo by 








Figure 82.  Cololejeunea biddlecomiae with stylus  Notice 
the tuberculate (having protuberances) cells on the surface of the 
lobule.  Photo by Paul Davison, with permission. 
 
Figure 83.  Cololejeunea biddlecomiae leaf cells showing oil 




Figure 84.  Cololejeunea biddlecomiae with gemmae on the 




Figure 85.  Cololejeunea biddlecomiae leaf gemmae 
showing various sizes and number of cells.  Photo by Ken 
McFarland and Paul Davison, with permission. 
Risk et al. (2011) found that leaves had been lost in a 
colony of epiphyllous Cololejeunea biddlecomiae.  This 
suggests a potential means of reproduction, whether it is by 
caducous leaves or transport by herbivores that have 
nibbled on the leaves.  The species produces green, 
multicellular spores that can give a dispersed spore a good 
start when it arrives in a new location. 
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Hatcher (1965) reported difficulties in trying to 
establish a pure culture of Cololejeunea biddlecomiae 
(Figure 70, Figure 74, Figure 78, Figure 81-Figure 85), 
noting that it failed to differentiate stems and leaves, 
instead developing as an amorphous mass of cells.  This 
suggests that it may need very specific environmental 
conditions for its early development. 
Cololejeunea calcarea (Figure 86-Figure 90) 
Distribution 
Cololejeunea calcarea (Figure 86-Figure 90) occurs in 
Europe and northern Asia.  Schuster (1955) considers it to 
be frequent in western Europe.  Konstantinova (2011) 
reported it from the Eastern Caucasus, Russia. 
Aquatic and Wet Habitats 
Cololejeunea calcarea (Figure 86-Figure 90) is 
occasionally submerged (Watson 1919).  It occurs on 
limestone rock in the Tara River canyon and Durmitor area, 
Montenegro (Papp & Erzberger 2011). 
 
 
Figure 86.  Cololejeunea calcarea, showing imbricate 
leaves.  Photo by Štĕpán Koval, with permission. 
Evans (1911) states that Cololejeunea calcarea 
(Figure 86-Figure 90) seems to be confined to rock (Figure 
87).  Watson (1918) attributed it to shaded limestone cliffs 
and skrees.  Alegro et al. (2014), reporting from Croatia, 
likewise concluded that it occurs on shaded limestone rock.  
Blockeel (1991) provided more details on finding it on 
shaded limestone in a ravine at 200 m asl in the gorge of 
the River Akheron in Greece. 
 
 
Figure 87.  Cololejeunea calcarea habitat on rock wall in 
South Wales.  Photo by Barry Stewart, with permission. 
 
Figure 88.  Cololejeunea calcarea showing large leaf 




Figure 89.  Cololejeunea calcarea with perianths.  Photo by 
Hermann Schachner, through Creative Commons. 
 
Reproduction 
This species has gemmae that it uses for asexual 
reproduction (Cavers 1903).  These are produced on the 
leaf surfaces, mostly on the lower surface of the lobes but 
occasionally on the upper surface (Stevens 1910).  These 
are small in numbers, not more than 5-6 on an individual 
leaf.  Although the gemmae are relatively common in New 
England, USA, they only occur on a comparatively small 
proportion of the plants in any mat.  One  plant may have a 
"considerable number" while an adjacent plant has none.  
As in C. biddlecomiae, fertile plants often have gemmae, 
but they are more abundant on sterile plants.  They may 
even occur on the bracts, but never on the perianths.  After 
cell division ceases, the gemmae continue to grow by cell 
expansion, not even stopping until sometime after the 
gemmae are shed.  The gemma forms a flat disc that is one 
cell thick with no dorsi-ventral differentiation.  The gemma 
is shed by splitting of the cell wall between the stalk cell 
and the gemma.  Cololejeunea calcarea (Figure 86-Figure 
90) is one of the species in southern Turkey that has 
frequent asexual reproduction (Kürschner 2014). 
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Figure 90.  Cololejeunea calcarea showing perianths.  Photo 
by Stan Phillips, through public domain. 
Fungal Interactions 
Wang and Qiu (2006) found no records of mycorrhizae 




Cololejeunea hodgsoniae is distributed in Australia 
(ITIS 2020) and New Zealand (de Lange et al. 2015), 
finding both warm temperate and cool temperate climates 
suitable. 
Aquatic and Wet Habitats 
One of the interesting habitats of Cololejeunea 
hodgsoniae in Australia is to grow on the leaves of the 
leafy liverwort Radula marginata (Figure 91) on rocks in 
streams (Renner 2003).  In fact, Renner suggested that it 
might be muscicolous (bryicolous?). 
 
 
Figure 91.  Radula marginata; Cololejeunea hodgsoniae 
grows on the leaves of R. marginata on rocks in Australian 
streams.  Photo by Peter de Lange, through Creative Commons. 
Reproduction 
Cololejeunea hodgsoniae is autoicous, making spore 
production likely (de Lange et al. 2015).  
Cololejeunea madothecoides 
(syn. = Hemilejeunea ruttneri) 
Distribution 
Cololejeunea madothecoides ranges from India and 
Indochina to Japan and Borneo (Asthana & Srivastava 
2003; Manju et al. 2012).  Shu et al. (2016) later reported it 
from Vietnam. 
Aquatic and Wet Habitats 
Ruttner (1955) reported Cololejeunea madothecoides 
as a species that occurs in a zone less than 15 cm above 
water level in the tropics.  Pócs and Ninh (2005) found it to 
be very abundant on streambed stones in parts of Vietnam 
and considered its subgenus to be especially adapted to 
riverine conditions.  In the Western Ghats of India, the 
species is epiphyllous (Nair & Prajitha 2016; Manju et al. 
2012).  In northeastern India, Singh and Kumar (2106) 
reported it as epiphytic.   
Adaptations 
These adaptations include thick stems, rigid leaves, 
and adherence of large masses to temporarily inundated 
streambed rocks.  Smets (2003) found it on very humid 
calcareous rocks in the western Carpathians in Romania. 
Reproduction 
Gradstein et al. (2011) reported that Cololejeunea 
madothecoides lacked gemmae in Ecuador. 
Cololejeunea microscopica (Figure 92) 
(syn. = Aphanolejeunea microscopica) 
Distribution 
Cololejeunea microscopica (Figure 92) occurs in India 
(Tripura), Africa, and Europe (Pócs 1984; Singh & Kumar 
2017). 
Aquatic and Wet Habitats 
Cololejeunea microscopica (Figure 92) grows in 
shaded, humid places on damp or dry rocks, especially by 
streams and waterfalls (Hodgetts 2020).  In India, it is 
epiphytic, growing on bark of trees in moist and shady 
places (Singh & Kumar 2017).  It can even be epiphyllous 
on other bryophytes, as on Pyrrhobryum spiniforme in 
Brazil (Sierra et al. 2019). 
 
 
Figure 92.  Cololejeunea microscopica, a sometimes 
epiphyllous species (as shown here) that grows near streams.  
Photo by Jan-Peter Frahm, with permission. 
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Figure 93.  Pyrrhobryum spiniforme, a moss on which 
Cololejeunea microscopica can be an epiphyll.  Photo by John 
Brinda, through Creative Commons. 
Cololejeunea  rossettiana (Figure 94-Figure 97) 
Distribution 
Cololejeunea rossettiana (Figure 94-Figure 97) occurs 
in Africa, Europe, and Northern Asia (ITIS 2020).  
Kürschner and Erdağ (2005) reported it from Turkey. 
 
 
Figure 94.  Cololejeunea rossettiana, a species found in 
Africa, Europe, and Northern Asia.  Photo by Des Callaghan, with 
permission. 
 
Figure 95.  Cololejeunea rosettiana, typically an epiphytic 
or saxicolous liverwort.  Photo by Michael Lüth, with permission. 
 
Figure 96.  Cololejeunea rosettiana showing the bulging 
(trabeculate) cells.  Photo by Michael Lüth, with permission. 
 
Figure 97.  Cololejeunea rosettiana showing trabeculate 
projections from cells.  Photo by Michael Lüth, with permission. 
Aquatic and Wet Habitats 
Watson (1919) noted that Cololejeunea rossettiana 
(Figure 94-Figure 97) is occasionally submerged, but no 
other reports seem to consider it to be aquatic. 
Although it occurs in most of the southeastern 
European countries, Cololejeunea rossettiana is 
nevertheless rare and occurs on many European Red Lists 
of bryophytes (Hodgetts 2015). 
Reproduction 
Cololejeunea rossettiana is monoicous (Figure 98-
Figure 99) (Arnell 1953).  That should make its sexual 
reproduction relatively easy.  Part of its apparent rarity may 
be due to its very small size and inconspicuous appearance 
(Lawley 2010), causing it to be undercollected. 
 
 
Figure 98.  Cololejeunea rosettiana with perianths.  Photo 
by Michael Lüth, with permission. 
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Figure 99.  Cololejeunea rosettiana with perianth and 
swollen archegonium inside.  Photo by Andy Hodgson, with 
permission. 
Cololejeunea stotleriana (Figure 100-Figure 101) 
Distribution 
The rare Cololejeunea stotleriana (Figure 100-Figure 
101) is known from South America (ITIS 2020) and was 




Figure 100.  Cololejeunea stotleriana showing both 
perianths and antheridial branches (monoicous).  Image from 
Gradstein et al. 2010, with permission. 
Aquatic and Wet Habitats 
Cololejeunea stotleriana (Figure 100) is rare, 
epiphyllous (Figure 101) or periodically submerged in 
streams at 950 m asl in Ecuador (Gradstein et al. 2011).  It 
is the only common epiphyllous liverwort found in the 
flood zone of the river (Figure 102).  But also in Ecuador, 
Gradstein et al. found this species on bark and rock. 
In Ecuador, Gradstein et al. (2011) found that 
Cololejeunea stotleriana (Figure 100) grew in association 
with other rare bryophytes – the mosses Fissidens 
hydropogon (Figure 103) and Lepidopilum caviusculum 
(Figure 104). 
 
Figure 101.  Cololejeunea stotleriana growing as an epiphyll 




Figure 102.  Cololejeunea stotleriana habitat in the Río 




Figure 103.  Fissidens hydropogon, a rare moss that grows 
in association with Cololejeunea stotleriana in Ecuador.  Photo 
from Earth.com, with permission. 
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Figure 104.  Lepidopilum sp.; Lepidopilum caviusculum is a 
rare moss that grows in association with Cololejeunea stotleriana 
in Ecuador.  Photo by Janice Glime. 
Adaptations 
Gradstein et al. (2011) found the new species 
Cololejeunea stotleriana (Figure 100-Figure 101) as 
rheophilous and epiphyllous (Figure 101) in Ecuador.  It 
seemed well adapted to these habitats with its robust stem, 
flattened habit, triangular lobules, large rhizoid fields not 
produced near each leaf base, super fertility, and clustered 
gynoecia (Figure 100).  Yu et al. (2014) likewise 
considered that the adaptations of this species (to extreme 
ephemeral substrate, smooth surfaces, limited access to 
water and nutrients, and light exposure) permit it to extend 
beyond the typical epiphyllous or epiphytic habitats of the 
genus.   
Reproduction 
In Ecuador, Cololejeunea stotleriana produces 




Figure 105.  Cololejeunea stotleriana with perigynium and 
gemmae.  From Gradstein et al 2010, with permission. 
Biochemistry 
Ludwiczuk and Asakawa (2014) used fingerprinting of 
secondary compounds in chemosystematics of 
Cololejeunea stotleriana (Figure 100-Figure 101) and were 
able to report only pinguisanes in this species. 
 
Colura (Figure 109-Figure 110, Figure 121-Figure 
122, Figure 124-Figure 125) 
(syn. = Myriocolea) 
The genus Colura (Figure 109-Figure 110, Figure 121-
Figure 122, Figure 124-Figure 125) is represented by 
several species in Andean streambeds (S. Robbert 
Gradstein pers. comm. 3 November 2011). 
One of the interesting discoveries about the genus 
Colura (Figure 109-Figure 110, Figure 121-Figure 122, 
Figure 124-Figure 125) is its ability to hold water in its leaf 
lobules (Figure 106) (Barthlott et al. 2000).  The lobule has 
a complex opening with a movable lid that closes.  Ciliate 
Protozoa (Figure 107-Figure 108) live in these lobules and 






Figure 106.  Colura showing water-holding lobule where 






Figure 107.  Colura with protozoa (stained pink).  Photo 
courtesy of Jan-Peter Frahm. 
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Figure 108.  SEM of Colura with a ciliate (center).  Photo by 
Wilhelm Barthlott, with permission. 
Colura calyptrifolia (Figure 109-Figure 110) 
(syn. = Colurolejeunea calyptrifolia) 
Distribution 
Colura calyptrifolia (Figure 109-Figure 110) is the 
only species of Lejeuneaceae that extends into the sub-
Antarctic (Grolle 2002).  Its distribution is oceanic-
temperate Afro-American and European (Gradstein et al. 
1983).  Frahm (2005) reported it from the Azores.  Zhu and 
Long (2003) reported its range as Africa, Europe, Central 
America, Sri Lanka, and Nepal, adding their own new 
collections from the Himalayas.  It occurs in the Western 
Ghats of India as a tiny and rare species (Mufeed et al. 
2018).  An additional Asian record is from Taiwan (Yang 
et al. 2013).   It has been reported several times from Brazil 
(Schäfer-Verwimp & Giancotti 1996; Bôas-Bastos & 
Bastos 2016).  Gradstein et al. (2018) found it in the high 
Andes of Colombia, where it is rare.  It is widely 
distributed in South America, from the Caribbean to 
southern Chile (Hassel et al. 2014).  Newton (2004) 
considered it one of the most infrequent oceanic species in 
Britain, where it occurs mostly in the extreme west of 
Scotland and Ireland as well as Wales, requiring sustained 
high humidity.  Bates and Preston (2011) contend that the 




Figure 109.  Colura calyptrifolia, an occasionally submersed 
species that grows in damp places.  Photo by Michael Lüth, with 
permission. 
 
Figure 110.  Colura calyptrifolia showing the saccate leaves.  
Photo by Barry Stewart, with permission. 
Aquatic and Wet Habitats 
Colura calyptrifolia (Figure 109-Figure 110) is 
occasionally submerged (Watson 1919).  Zhu and Long 
(2003) found it in a ravine in a dense forest in the 
Himalayas with Rhododendron (Figure 111), Betula 
(Figure 112), and Abies (Figure 113), where it occurred on 
a wet cliff face.  Hassel et al. (2014) found it in Norway on 
a nearly vertical cliff wall about 5 m high, facing east to 
northeast with a small brook at the base of the cliff.  There 




Figure 111.  Rhododendron in the Himalayas, a genus that 
can provide habitat for Colura calyptrifolia.  Photo by Nidhi 
Jamwal, through Creative Commons. 
 
Figure 112.  Betula utilis, Himalayan birch in the Himalayas, 
a genus that can provide habitat for Colura calyptrifolia.  Photo 
by J. M. Garg, through Creative Commons. 
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Colura calyptrifolia (Figure 109-Figure 110) seems to 
have a rather wide habitat tolerance, and at most it is 
apparently facultatively aquatic.  It tolerates some 
submersion, but does not grow continually submersed.  
Colura calyptrifolia occurs on heather stems in the dwarf 
shrub heaths of the western Scottish Highlands (Figure 
114) (Averis 2007).  In some heaths, it occurs as an 
epiphyll on the fronds of the fern Blechnum spicant 
(Figure 115).  The long, very humid microclimate provides 




Figure 113.  Abies pindrow at Mt. Mukeshpuri, Pakistan.  
The genus Abies, along with Betula and Rhododendron, can 
provide habitat for Colura calyptrifolia.  Photo by Khalid 
Mahmood, through Creative Commons. 
 
Figure 114.  Calluna vulgaris (Scottish Heather), where 
Colura calyptrifolia grows on the stems of these shrubs.  Photo 
by John McLeish, through Creative Commons. 
 
Figure 115.  Blechnum spicant, a substrate for epiphyllous 
Colura calyptrifolia.  Photo by Robert Flogaus-Faust, through 
Creative Commons. 
Reproduction 
Colura calyptrifolia (Figure 109-Figure 110) is 
autoicous (Gradstein et al. 1983; Hassel et al. 2014).  This 
permits it to have sexual reproduction and produce spores 
more easily than dioicous species.  It produces large spores 
that give it a good start on new plants, but it also has 
fragmentation and produces abundant discoid gemmae that 
occur on the leaf tips (Figure 116).  
 
 
Figure 116.  Colura calyptrifolia with gemmae on tips of 
leaves at the upper left.  Photo by David T. Holyoak, with 
permission. 
With its ability to live on a wide range of inorganic 
substrates, along with its wide range of habitats, it is not 
surprising that Hill and Preston (2014) found significant 
increases in Colura calyptrifolia (Figure 109-Figure 110, 
Figure 116) between the 1960-1989 period and the 1990-
2013 period. 
Fungal Interactions 
Thus far, there seem to be no records of mycorrhizae 
associated with Colura calyptrifolia (Figure 109-Figure 
110, Figure 116) (Wang & Qiu 2006).  Perhaps these have 
been missed because of the small size of the liverwort, but 
then, perhaps they just don't occur. 
Biochemistry 
The species is also lacking in biochemical studies, 
preventing us from developing good hypotheses regarding 
antifungal behavior. 
Colura cataractarum (Figure 117-Figure 118) 
Distribution 
Colura cataractarum (Figure 117-Figure 118) is a 
new species, described in 2020 from Madagascar (Pócs 
2020).  Thus far, it has not been found elsewhere and is 
thus endemic to a small area at the Andringitra Massif. 
Aquatic and Wet Habitats 
Colura cataractarum (Figure 117-Figure 118) occurs 
on granite rocks in cataracts where it is steadily irrigated 
(Figure 119) (Pócs 2020).  These cataracts are surrounded 
by mossy montane forest at 1,230 m asl. 
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Figure 118.  Colura cataractarum underleaf.  Photo courtesy 
of Tamás Pócs. 
 
 
Figure 119.  Colura cataractarum being collected by András 
Szabó at its type locality in Madagascar, on irrigated granite 
rocks.  Photo courtesy of Tamás Pócs. 
Reproduction 
Only female reproductive structures have been seen, so 
the species is presumably dioicous (Pócs 2020).  Gemmae 





Figure 120.  Colura cataractarum with perianths.  Photo 
courtesy of Tamás Pócs. 
Colura irrorata (Figure 121, Figure 124-Figure 125) 
(syn. = Myriocolea irrorata) 
Distribution 
Colura irrorata (Figure 121, Figure 124-Figure 125) is 
known from the Andean Topo River in Ecuador (Gradstein 
& Jost 2004).  It is rare and red-listed, being known from 
only a few localities (Figure 122) (Gradstein et al. 2004; 





Figure 121.  Colura irrorata on stems of Cuphaea 
bombonasae along the Numpatakaima River in Ecuador at 1540 
m asl.  Photo by Lou Jost, EcoMinga, with permission. 
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Figure 122.  Colura irrorata conservation site.  Photo 
courtesy of S. Robbert Gradstein. 
Aquatic and Wet Habitats 
This tropical montane species occurs on small shrubs 
of Cuphea bombonasae (Figure 123) that are periodically 
submerged (Gradstein et al. 2004).  Its submersion seems 
to be short-lived, but frequent, with floods causing water 
levels to rise and fall "dramatically" over just a few hours 
(Gradstein et al. 2004; Gradstein & Benitez 2014).  It is 
threatened by the construction of a hydroelectric dam on 
the Rio Topo. 
 
 
Figure 123.  Cuphea bombonasae, substrate for Colura 
irrorata in Ecuador.  Photo from <swbiodiversity.org>, through 
Creative Commons. 
 
Figure 124.  Colura irrorata growing on Cuphea 
bombonasae in a location that becomes inundated.  Photo 
courtesy of S. Robbert Gradstein. 
Adaptations 
Colura irrorata (Figure 121, Figure 124-Figure 125) 
exhibits long, robust stems, pinnate branching, and 
numerous small gametoecial branches, characteristics 
typical of other rheophytic members of Lejeuneaceae 
(Gradstein et al. 2004). 
 
Reproduction 
Colura irrorata (Figure 121, Figure 124-Figure 125) is 
paroicous and develops innovations between the gynoecia 
and male bracts.  It produces numerous, but very tiny, 
sporophytes (Figure 125), but no vegetative reproduction 
has been found and its leaves decay while still on the 




Figure 125.  Colura irrorata with sporophytes (tiny grey 
structures seen at plant margins) on stems of Cuphaea 
bombonasae along the Numpatakaima River, Ecuador, at 1540 m 
asl.  Photo by Lou Jost, EcoMinga, with permission. 
Biochemistry 
Despite its rarity and tiny size, Colura irrorata (Figure 
121, Figure 124-Figure 125) has been subjected to several 
biochemical studies.  Ludwiczuk et al. (2013) found only 
-pinguisene in the species, contributing to the 
understanding of phylogenetic relationships.  Coulerie et al. 
(2015) found only pinguisanes when testing for epidozanes, 
pinguisanes, fusicoccanes, monocyclofarnesanes.  In 
further studies, Ludwiczuk and Asakawa (2014) tested for 
lepidozanes, pinguisanes, fusicoccanes, and 
monocyclofarnesanes; once again they found only 
pinguisanes. 
 
Diplasiolejeunea cavifolia (Figure 126, Figure 128-
Figure 129) 
(syn. = Lejeunea cavifolia) 
Schäfer-Verwimp and Reiner-Drehwald (2009) 
considered Diplasiolejeunea cavifolia Figure 126, Figure 
128-Figure 129) a "somewhat variable" species.  Dong et 
al. (2012) considered this pantropical species, along with 
D. rudolphiana, to have a broader ecological amplitude 
than other members of the genus.  This variety of habitats 
may help to explain its perceived variability.   
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Distribuition 
The distribution of Diplasiolejeunea cavifolia (Figure 
126, Figure 128-Figure 129) is pantropical.  In the 
Neotropics it occurs in Mexico (in the Chiapas; Bourell 
1992), Colombia (Benavides & Gutierrez 2011), Panama 
(common; Schäfer-Verwimp 2014), and the Guianas 
(Eggers et al. 2006; Gradstein 2006).  Fuentes and 
Churchill (2005) also found it in Bolivia.  Morales (2010) 




Figure 126.  Diplasiolejeunea cavifolia, a sometimes 
submersed species that is usually in moist habitats.  Photo by 
Hermann Schachner, through Creative Commons. 
Tixier (1995) reported Diplasiolejeunea cavifolia 
(Figure 126, Figure 128-Figure 129) from San Thomé, Mt. 
Caffe, at 700 m asl, in the country of São Tomé and 
Príncipe, 4.5 km west of Trinidad off the northeastern coast 
of Brazil.   Giancotti and Vital (1989) recorded it from 
Brazil, while noting that many Lejeuneaceae species seem 
to be disappearing; da Costa and Peralta (2015) reported it 
from the Atlantic Rainforest in Rio de Janeiro, Brazil.  
Dong et al. (2012) reported it from 3 m asl in Brazil, 1000 
m asl in Dominica, 1540 m in Ecuador, 800 m in the Fiji 
Islands, 743-900 m in Graham et al. (2016) described its 
habitat in Peru.  Guadeloupe, 970 m in Panama, and 370 m 
in Venezuela.  Bernarda and Schäfer-Verwimp (2011) 
reported it from Guadeloupe archipelago and Martinique in 
the French West Indies.  Mervin et al. (2001) found it in 
primary forests of Monteverde, Costa Rica. 
In the old tropics, Ah-Peng et al. (2007) have reported 
Diplasiolejeunea cavifolia (Figure 126, Figure 128-Figure 
129) on Réunion Island.  Pócs et al. (2011) reported it from 
the Fiji Islands in the South Pacific.  Wang et al. (2011) 
found it in Taiwan.  Vanden Berghen (1960) reported it 
from Tanganyika (now Tanzania).  Sánchez and Pérez 
(1998) reported it from the Republic of Equatorial Guinea 
(West Central Africa).  Stam et al. (2020) reported it from a 
fog net in the lower montane forest in the Taita Hills in 
Kenya.  But Tixier (1995) considered the genus 
Diplasiolejeunea to be "relatively depauperate" in Africa.  
Ariyati et al. (2009) reported it from Sulawesi, Indonesia.  
In 2016, Abay et al. included it in the flora of Rize, 
Northeast Turkey.  It is telling that so many records for this 
species have occurred since 2000. 
Dong et al. (2012) reported Diplasiolejeunea cavifolia 
(Figure 126, Figure 128-Figure 129) from 1580 m asl in 
Indonesia, 865-1015 m in Madagascar, 1280-1340 m in 
Malaysia, and 1030 m on Réunion Island.  Long and 
Rubasinghe (2014) reported it from Sri Lanka.  Yodphaka 
et al. (2018) found it in Thailand.  Bakalin and van Sinh 
(2016) reported it from Vietnam. 
Aquatic and Wet Habitats 
Nichols (1916) found Diplasiolejeunea cavifolia 
(Figure 126, Figure 128-Figure 129) on wet or moist cliffs 
of ravines in Connecticut, USA, causing me to include it in 
this chapter.  On Cape Breton Island, Canada, Nichols 
(1918) found it on rock cliffs associated with streams.  
Watson (1919) treated it as occasionally submerged.  In the 
aquatic habitats of eastern Odenwald and southern 
Spessart, Philippi (1987) found it in association with 
Thamnobryum alopecurum (Figure 127).  Vieira et al. 
(2005) found Diplasiolejeunea cavifolia in mountain 




Figure 127.  Thamnobryum alopecurum, a species that 
accompanies Diplasiolejeunea cavifolia in aquatic habitats in 
Germany.  Photo by David T. Holyoak, with permission. 
Benavides and Gutierrez (2011) reported 
Diplasiolejeunea cavifolia (Figure 126, Figure 128-Figure 
129) from a cloud forest in the northern Andes of 
Colombia.  In Bolivia, Fuentes and Churchill (2005) found 
it as an epiphyte.  Schäfer-Verwimp (1992) found 
Diplasiolejeunea cavifolia (Figure 126, Figure 128-Figure 
129) was not rare in Brazil, growing as an epiphyte in the 
restinga, on a rotting log, as an epiphyte in humid 
secondary shrub at the edge of banana plantations, in the 
rain forest, and as an epiphyll. 
Siregar and Pasaribu (2020) found Diplasiolejeunea 
cavifolia (Figure 126, Figure 128-Figure 129) on bark in 
Indonesia.  In Sabah of Malaysian Borneo, Pócs et al. 
(2020) found it in the epiphyllous communities on Mt. 
Silam, where it occurred in a lower montane rainforest at 
600-740 m asl.  In the Republic of Equatorial Guinea, 
Sánchez and Pérez (1998) found it in the most exposed 
places, occurring as epiphyllous and corticolous along river 
banks, in tree crowns, or rocky cliffs, between 75 and 1140 
m asl.  In fact, Alvarenga and Pôrto (2010) considered it to 
be a sun epiphyte in the Brazilian Atlantic forest. 
7-1-32 Chapter 1-7:  Aquatic and Wet Marchantiophyta, Class Jungermanniopsida, Order Porellales:  Jubulineae, part 1 
On the other hand, one can find mats of 
Diplasiolejeunea cavifolia (Figure 126, Figure 128) 
growing as a corticolous species in the submontane 
rainforest and fallows in Bolivia (Acebey et al. 2003).  
Diplasiolejeunea cavifolia occurs not only in moist forests, 
but also in more mesic woods, plantations, and orchards.  
In Monteverde, Costa Rica, it is epiphytic in primary 
forests (Mervin et al. 2001) and occupies the wide range of 
1-3000 m asl (Eggers 2001).  Holz and Gradstein (2005) 
reported it from oak forests in the páramo of the Cordillera 
in Costa Rica; Holz et al. (2002) found it in mats on shrubs 
and trees in Costa Rican oak forests. 
In Panama it can be epiphytic on shrubs, dead trees 
and branches in the canopy of a fallen tree, or epiphyllous, 
sometimes at riverside (Schäfer-Verwimp 2014).  In the 
superhumid lowland tropical forest of Chocó, Colombia, 
Benavides and Sastre-De Jesús (2011) found it as an 
epiphyll on natural palms (frequency = 20, natural with no 
palms (14), secondary palm (10), and no palm (10) out of 
240 leaf samples.  In the eastern Andes of Peru, Graham et 
al. (2016) found it in a gallery forest on a sand substrate.   
In fact, Visnadi (2004) found it on sandy seashores in 
Brazil, where it was subjected to saline conditions due to 




Zhu and So (2001) considered the small stem, 
imbricate leaves (Figure 126), absence of papillose cells, 
inflated lobules (hold water), neotenous habit, and asexual 
propagules (Figure 129) to adapt Diplasiolejeunea 
cavifolia (Figure 126, Figure 128-Figure 129) to the 
epiphyllous condition (see also Gradstein 2006; Kraichak 
2012).  These same characters could also be an advantage 




Zhu and So (2001) considered the monoicous 
condition of Diplasiolejeunea cavifolia (Figure 126, Figure 
128-Figure 129) among its adaptations to its epiphyllous 
habitat.  The same can be said for its epiphytic habitat 
(Figure 128), and for rock cliffs that are not always moist. 
Kraichak (2012) considered asexual propagules such 
as gemmae (Figure 129) to be an adaptive trait for 
epiphylly among the tropical Lejeuneaceae and found that 
it was the only trait that was more likely to evolve among 
epiphyllic species.  In Diplasiolejeunea cavifolia (Figure 
126, Figure 128-Figure 129), the diaspores (gemmae) seem 
to be tolerant of both drought and frost, perhaps explaining 




Kis and Pócs (1997) studied the oil bodies of this 
species from African populations.  The species has smaller 
oil bodies (204 µm) than the average for members of the 
genus Diplasiolejeunea.  There seem to be no studies thus 
far on the biochemistry of this tiny species. 
 
Figure 128.  Diplasiolejeunea cavifolia with perianths and 
capsules.  Photo by Hermann Schachner, through Creative 
Commons. 
 
Figure 129.  Diplasiolejeunea cavifolia showing gemmae 






The Jubulineae are primarily terrestrial, but some 
also occur where they get wet or stay wet, sometimes 
getting submerged.  The Frullaniaceae species here are 
dioicous; They are particularly adapted to xeric habitats 
with dark colors, mats, and water-holding leaf lobules.  
Most live on rocks or are epiphytes, but a few species 
of Frullania live in constantly moist habitats.  Some 
serve as a reservoir for lichen-forming Cyanobacteria. 
In the Jubulaceae, Jubula mostly occurs on rocks 
in humid or damp sites near or in flowing water and in 
waterfalls.  However, thus far I have found only Jubula 
hutchinsiae and its subordinates in the aquatic 
literature.  These are monoicous 
The family Lejeuneaceae is a family of very small 
leafy liverworts, mostly monoicous.  They can mix 
with other bryophytes or grow alone.  Many, such as 
Acanthocoleus aberrans, are facultative aquatic 
bryophytes, occurring sometimes in streams or 
becoming inundated during flooding, but usually 
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terrestrial.  Bromeliophila is aquatic, restricted to 
bromeliad basins.  Cephalantholejeunea 
temnanthoides is a rare species and is a rheophyte in 
Andean streambeds.  Ceratolejeunea temnantha is 
likewise an endemic rheophyte, occurring in the 
Amazon region and being seasonally inundated.  
Cheilolejeunea clypeata occurs in mesic and swamp 
forests on a variety of substrates, but is not a true 
aquatic.  Cololejeunea biddlecomiae often occurs along 
calcareous rivers and springs, but also occurs along the 
acidic Adirondack Mountain streams and becomes less 
of a calciphile in the southern part of its range.  
Cololejeunea calcarea is most frequent on limestone 
rock and may become submersed.  Cololejeunea 
hodgsoniae can be found on the leaves of the leafy 
liverwort Radula marginata on rocks and streams of 
Australia and New Zealand.  Cololejeunea 
madothecoides is adapted to riverine conditions with 
thick stems, rigid leaves, and adherence to its substrate.  
Cololejeunea microscopica is most frequent on rocks 
near streams and waterfalls, but can also be epiphytic or 
epiphyllous; it is also known to grow on the moss 
Pyrrhobryum spiniforme.  Cololejeunea rossettiana 
often grows on other bryophytes, but also occurs on 
shaded limestone and on trees; it is only occasionally 
submerged.  Cololejeunea stotleriana, like many of 
these species, is rare, but is a common epiphyll in the 
river flood zone.  Colura calyptrifolia has been found 
in a ravine in the Himalayas and on a wet cliff face; it 
tolerates some submersion, but not continuous 
submersion.  It accepts a wide range of substrates. 
including Polytrichastrum leaves, and can occur on 
rubbish!  Colura irrorata is a rare epiphyte, growing on 
shrubs of Cuphea bombonasae in areas where it 
becomes inundated.  Diplasiolejeunea cavifolia can 
occur on wet or moist cliffs or even be submerged, but 
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